Abstract⎯Based on DNA markers (RAPD and ISSR), the state of gene pools of nineteen populations of the specially protected relict Helicopsis striata (Mollusca, Gastropoda, Pulmonata) species in conditions of the Central Russian Upland south was studied. The data obtained demonstrate a high degree of subdivision of the population (Ф st = 0.404, G st = 0.358) and an increased level of homozygosity in a number of groups inhabiting the industrial zone and steppe biotopes. A significant correlation between the intensity of the gene flow and geographical distances between populations (R = 0.571 ± 0.052) was registered; this corresponds to isolation by the distance model. The effective size values calculated based on the subdivision indices were significantly lower than the similar effective size of the background mollusk species.
INTRODUCTION
The study on the state of natural populations of vulnerable species is currently one of the main directions for monitoring different territories. Such species include the Helicopsis striata Müller (steppe ribbed snail), which is recorded in the Red Book of Belgorod province (Red Book…, 2004) , as well as in the protected lists of Poland, Czech Republic, and Slovakia (Ložek, 1980; Stępczak, 1999) .
The area of the species covers the territory from Western and Middle Europe to Eastern Ukraine, and Kursk, Belgorod, and Voronezh provinces (Shileiko, 1978) . Within the Central Russian Upland (along its eastern border), the species inhabits dry well-heated ravines, usually with the southern exposure with chalky soil. The species is mainly activity from April to May, as well as in September. A mass accumulation of mollusks can be observed in the habitats at this time. Snails spend the summer months buried in the soil.
The H. striata refers to the Mediterranean relict group of xerophilous mollusks (Nikolaev, 1973) . The species is used as an indicator of dry steppefied ecosystems in the studies on the recovery of the historical past of European biocenoses (Sparks, 1953) . At the Central Russian Upland territory, it is frequently a component of relict cenoses referred to as the "Lowered Alps" (Snegin, 2002) .
Aim of the Study. Based on the analysis of the variability of the RAPD-and ISSR-DNA markers, to estimate the state of the H. striata populations at the eastern border of its species area for environmental purposes.
The relevance of this study is dictated by the necessity to pay close attention to relict communities of chalky outcrops that have been exposed to afforestation in recent years due to the implementation of the Green Capital regional program (this puts them on the brink of complete destruction).
MATERIALS AND METHODS
The tissue samples of the H. striata samples stored in a cryobank, which was created at the Laboratory of Population Genetics and Genotoxicology of Belgorod State National Research University, were the material used for the study. Samples from populations were taken during the expeditions from 2006 to 2010. In total, 694 H. striata individuals from nineteen populations were studied for their DNA loci (Fig. 1, Table 1 ).
The variability analysis was conducted using the polymerase chain reaction, including the random amplified polymorphic DNA (RAPD) (Welsh and McClelland, 1990) and inter simple sequence repeats (ISSR) (Zietkiewicz et al., 1994) methods. Two primers, including OPA 1 (5'-CAGGCCCTTC-3', RAPD method) and UBC 811 (5'-(GA) 8 C-3', ISSR method), were used for the analysis. The amplification was conducted in the MJ Mini and MyCycler thermocyclers (Bio-Rad, United States). RAPD method. The reaction was conducted in a 20 μL mixture containing 20 ng genomic DNA, PCR buffer (10 mM Tris-HCl (pH 8.3), 50 mM KCl, 2 mM MgCl 2 ), 0.25 mM dNTP, 0.5 μM primer, and 1 unit Taq DNA polymerase (inhibited for the hot start). The reaction was performed under the following conditions: "hot start" (2 min/94°C), 35 cycles (denaturation 45 s/94°C, primer annealing 15 s/36°C, 15 s/45°C, synthesis 1 min/72°C), additional synthesis 10 min/72°C, cooling to 4°C.
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ISSR method. The reaction was conducted in a 25 μL mixture containing 20 ng genomic DNA, a PCR buffer (67 mM Tris-HCl (pH 8.8), 16 mM (NH 4 ) 2 SO 4 , 5 mM β-mercaptoethanol, 7 mM EDTA, 3 mM MgCl 2 ), 0.25 mM dNTP, 0.5 μM primer, and 1 unit Taq DNA polymerase (inhibited for a hot start). The reaction was performed under the following conditions: hot start (2 min/94°C), 40 cycles (denaturation 30 s/94°C, primer annealing 30 s/55°C, synthesis 2 min/72°C), additional synthesis 10 min/72°C, cooling to 4°C.
The PCR products were separated by electrophoresis in a 2% agarose gel using TAE buffer (cooled to +4°C), 10 V/cm, 45 min. The blocks were stained by ethidium bromide.
Binary matrixes, where the presence of a band was designated as "1" (p allele) and its absence as "0" (q allele), were constructed according to the pictures of the amplified fragments obtained during the electrophoresis. Due to the fact that nonspecific amplification products can appear when using the RAPD method, clearly viewable and reproducible amplicons were used for the analysis. The repeated manifestation of amplificons after PCR in the same studied individuals was a criterion of reproducibility.
We isolated 17 loci in the H. striata using each of OPA 1 and UBC 811 primers. The obtained DNA patterns and their decoding are given in Fig. 2 .
The data was processed using the GenAlEx (Peakall and Smouse, 2001 ), POPGENE 32 (Yeh et al., 2000) , and MEGA5 (Tamura et al., 2011) programs. The Debec polygons were constructed by means of the Statistica 6.0 program.
RESULTS AND DISCUSSION
The Ewens-Watterson neutrality test of the used loci was conducted at the first stage (Ewens, 1972; Watterson, 1978; Manly, 1985) ; it demonstrated that there are no statistically significant differences between the observed homozygosity according to the Hardy-Weinberg and homozygosity expected in a neutral process for most alleles (on average 88.7%) ( Table 2) .
We conducted the analysis of the genetic variability of the H. striata populations against the background of a comparison with the similar data that we previously obtained for two background terrestrial mollusk species (Bradybaena fruticum (bush snail) and Chondrula tridens (three dents snail)) inhabiting the studied region and being an indicator of the anthropogenic effects on ecosystems (Snegin, 2010 (Snegin, , 2011a (Snegin, , 2011b (Snegin, , 2012 (Snegin, , 2013 .
The levels of genetic heterogeneity, as well as the graphical polygons of the studied populations (constructed using the q allele frequencies), are given in Table 3 and Fig. 3 . The data obtained demonstrate a picture similar to a large extent to the results that we previously obtained for the studied populations based A similar decrease in heterozygosity was observed in the Nagol'noe (no. 14) and Kalyuzhnyi yar (no. 15) steppe biotopes 1 , where industrial territories are absent. This is probably caused by the fact that the isolation level of the mollusk populations in the steppe biome is high, since the amount of suitable biotopes in a more arid climate is smaller, and vast territories unsuitable for snails exist between them.
The analysis of molecular variance (AMOVA) (Excoffier et al., 1992) for the DNA loci (Table 4) detected a large disunity between the H. striata populations. Variability of 40% accounted for interpopulation differences, and the differentiation index Φ st = 0.404, while the gene flow intensity Nm = 0.360 individuals per generation. It should be noted that the degree of differences between populations was higher for allozyme markers (Snegin, 2012; Snegin, Sychev, 2011) . The ratio of interpopulation dispersion (Vap) and intrapopulation dispersion (Vwp) was 50/50%, and Φ st = 0.497, Nm = 0.288. These data significantly differ from similar indices obtained for the background mollusk species (Snegin, 2012) (Table 5 ). And the average gene flow was Nm = 0.985 for an individual per generation. This is mainly provided by the weaker distance between groups in the ISSR markers.
Among RAPD markers, loci 4, 6, 8, and 14 are the most polymorphic; among ISSR markers, loci 4, 8, 10, and 13 are the most variable. The group of more monomorphic loci included loci 1, 9, 16, and 17 in the OPA 1 primer; loci 2, 9, and 17 in the UBC 811 primer. We note that the expected heterozygosity in the RAPD loci (H t = 0.317 ± 0.005) on average does not differ significantly from the heterozygosity in the ISSR loci (H t = 0.328 ± 0.004). It is also known that the average G st values correspond to the level of genetic differentiation in a selectively-neutral process. In such a case, loci with larger G st values most likely can experience the effect of disruptive selection, while loci with low values of the subdivision index are exposed to the effect of a stabilizing selection (The dynamics of population gene pools…, 2004). According to the data obtained, the largest differentiation between populations was registered for loci .
The cluster analysis, whose results are shown in Fig. 4 , demonstrated that the H. striata populations in the study region diverge in three geographically isolated groups. Only their population in Lugansk province (point 16) was an exception; according to the allele frequency ratio, it was closer to populations from the region of the Severskii Donets river headwaters (points 1-9 and 18).
It is possible that it is a consequence of either a genetic drift in this strongly isolated population or a sample error. It should be also noted that we observed such a picture of the population divergence by clusters (with small deviations) by the allozyme loci (Snegin, 2012; Snegin, Sychev, 2011) .
The clustering data are to a large extent confirmed by a straightforward regression graph (Fig. 5) , which demonstrates a significant correlation between the logarithms of the geographic distances (Dg) between groups and the logarithms of pairwise indices of the gene flow level (Nm) calculated through pairwise differentiation indices Φ st (R DNA = 0.571 ± 0.052, t = 10.9, p < 0.05) 2 . Previously, we obtained a similar picture for the allozymes (R ALL = 0.552 ± 0.053, t = 10.4, p < 0.05). We note that this dependence is significantly higher than in the background Br. fruticum (R ALL = 0.059 ± 0.063; R DNA = 0.014 ± 0.063) and Ch. tridens (R ALL = 0.112 ± 0.069; R DNA = 0.085 ± 0.069) species.
Based on the given data, it is possible to affirm that the H. striata population structure in the conditions prevalent south of the Central Russian Upland is more ordered and corresponds closer to isolation by the distance effect (Wright, 1943) . This is probably associated with the peculiarities of the biology of this species exclusively dedicated to the communities of chalky outcrops and with limited possibilities of resettlement in conditions of a strongly fragmented landscape (this does not allow it to develop a metapopulation structure, which is typical for the background Br. fruticum and Ch. tridens species). In addition, the presence of the isolation by the distance effect in the H. striata population structure can indicate in favor of a decrease in the role of a stabilizing (balanced) selection in populations of this species according to a number of selectively significant loci.
The genetic similarity between populations within the groups, especially where an increased homozygosity is observed (in the MPP zone or in the steppe biotopes), is most likely provided not by the migration of individuals between populations but by the fact that the frequency of homozygous combinations for the same alleles increases in the H. striata populations under conditions of isolation (we previously demonstrated this based on the example of isoenzyme markers) (Snegin, 2012; Snegin, Sychev, 2011) . The latter is probably provided by the similar natural selection vectors under similar conditions, as well as by the gene drift and genetic revolution processes in isolated groups, when the genes that are especially viable in the homozygous state (soloist genes) and are rare in open populations due to the domination of "well mixed genes" obtain a selective value (Mair, 1968 Slatkin (1993) demonstrated that the efficient population size (for all the studied populations in general) can be obtained as Ne = 10 a , where a is a coefficient obtained in the equation. The results of the calculations are given in Table 6 . According to the data obtained, no significant differences in the effective size (calculated by the isoenzymes) were detected in three species. Significantly low values were found in the Br. fruticum relative to the effective size of the groups calculated based on the DNA markers.
We obtained a somewhat different result during the effective size calculation by means of an integral model based on the values of the population's subdivision index (Wright, 1951) :
where K is the number of populations used.
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, 1 Table 5 . Indices of the genetic differentiation of the H. striata studied groups by the DNA loci (according to Nei, 1975) G st , portion of interpopulation gene diversity in the total diversity; Ht, expected portion of heterozygous genotypes in the general population, intrapopulation diversity value mean for all subpopulations; Nm, average gene flow per generation. Since two other integral and interchangeable indices (G st and Φ st ) were involved instead of the F st index for determining the degree of the population's subdivision in this work, we found it possible to modify the indicated formula, by alternately introducing the values of these indices. It should be noted that we took the experience of such manipulations from the work on determining the effective size of the C. vindobonensis population inhabiting the territory of Nikolaev town (Kramarenko and Kramarenko, 2010) .
The results of the calculations are given in Table 7 . Among the mollusk species, the Ch. tridens has the largest effective size of populations; and the Br. fruticum is slightly inferior to it. The effective size values in the H. striata populations were significantly lower than in the first two species. CONCLUSIONS Thus, the H. striata population structure in the studied region is more consistent with the natural historically developed structure. 3 The H. striata could have penetrated the Central Russian Upland in the era of the subboreal Holocene. The modern populations of this species have preserved the allelic potential, which was typical for a virgin forest-steppe landscape. Therefore, the genetic processes in the H. striata populations (due to itsstenotopic) can probably be better indicators of the succession changes occurring in natural communities than could be expected using the eurybiontic background species (that actively adapt to human influence) for these purposes. In addition, there is a fear that isolated groups of this relict species could become extinct in conditions of anthropogenic insularization, with the currently ongoing destruction of unique chalky biotopes, against the background of a significant decrease in allelic diversity (especially in industrial zones).
